Abstract: This paper presents the results of an analysis of fuel consumption in the transport of technical roundwood of soft broadleaves from the felling site to a roadside landing using forwarders and tractor assemblies. The research was performed in various operating conditions in the area of FE "Banat" Pančevo. On the basis of the results of the analysis of variance, the data recorded in a variety of conditions were grouped. In addition, the dependence of fuel consumption on the average volume of tour was estimated. The results of the conducted analysis indicate that operating conditions sgnificantly affect fuel consumption of the investigated vehicles. The elements of statistical analysis of the dependence of fuel consumption on the volume of load indicate that an increase in load causes increased fuel consumption per unit of production. Having in mind the results of the analysis of variance, unique norms of fuel consumption were adopted for practical purposes. 
INTRODUCTION
In order to become familiar with the nature and structure of the production process, and successfully monitor and manage this process, it is necessary to know the consumption of all materials. This applies to almost all fields of production, including forestry. In forestry production this especially applies to fuel and lubricant consumption, as the consumption of materials significantly affects the costs of timber production (Bajić and Danilović, 1999) .
The significance of this issue is even greater if we consider the fact that the demand for energy resources in the world is great and that due to their limited amounts their price will grow in the future, and as a result cause an increase in the costs of production.
Losses arising from irrational energy consumption cannot be compensated by increasing outputs of the production process, and it is therefore necessary to establish appropriate norms of en-ergy consumption and monitor their application (Danilović et al. 2014 ).
Fuel consumption is important both from the economic and the environmental aspects. In the past few decades, and especially in the past two decades, we have been witnessing a growing concern for the environment and the negative effects that result from the burning of fossil fuels. Fuel consumption is an important item in the calculation of costs of the means of transportation, and consequently it affects unit operating costs. Fuel consumption can be used as an estimator for the machines' operating costs (Sundberg and Svanqvist, 1987) .
The fuel consumption of machines operating in forestry is affected by a large number of factors. It is most affected by construction of the engine, engine type and maintenance of the machine, the operator's skills and operating conditions. Most of the machines that are nowadays used in forestry have diesel engines. Diesel engines, like gasoline engines, are characterized by a combination of a large number of engine revolutions with a small output torque which increases fuel consumption. Therefore, the operator's skill is an extremely important factor in fuel consumption.
However, movement of the means of transportation in different operating conditions is accompanied by constant changes in the speed of movement, resistance and obstacles on roads, which also affects fuel consumption. According to Rebula (1989) , skidding distance, slope of the terrain and load volume have the highest impact on fuel consumption during timber skidding.
Reduced fuel consumption per unit of production is a key issue in the economics of forest products and approaching to more sustainable forest management practices (Nordfjell et al., 2003) . The share of fuel costs in the total costs is quite different depending on various conditions. According to Favreau and Gingras (2007) fuel costs account for 10% of the total cost if the assortments are produced by the CTL method, while Johansson (2001) argues that it accounts for 20% of direct costs of felling in the stand where final felling was completed.
The share of fuel costs in the total costs depends on the stage of the technological process. According to Grecs (1986) the share of fuel costs in total energy consumption in the phase of felling and wood assortment processing is 7%, 43% at the skidding stage, 26.6% during loading and transport, 12% in the construction and maintenance of forest roads and 4% in the activities of forest management.
Due to a large number of factors that influence the machine over time, fuel consumption is also changed. Therefore, it is necessary to continuously monitor fuel consumption and find new ways reduce fuel consumption.
The main objective of this research is to determine fuel consumption of the equipment used for timber extraction of technical broadleaf roundwood in different operating conditions.
In addition to that, one of the objectives is to determine the degree of dependence of fuel consumption on the volume of load in different operating conditions. The final results of the research are established norms of consumption, which are necessary for the planning of these works.
The norms of consumption for the equipment were determined individually for the operating conditions which were significantly different.
METHOD
The research was performed within the project "Standardization of forestry works with special emphasis on the selection of optimal technologies of work in the SE" Vojvodinašume".The recording of fuel consumption of a John Deere 1210E (A) forwarder, a tractor assembly consisting of a Same Laser 130 tractor and Imako TP12 trailer with a Loglift 61F (b) hydraulic crane and a tractor assembly made up of a Same Silver 105 tractor and an Imako TP12 trailer with a Loglift 61F (C) hydraulic crane was carried out in the FE "Banat" Pančevo as part of regular activities in 2011, 2012 and 2014. Technical characteristics of the investigated equipment are shown in Table 1 .
The studied John Deere 1210E forwarder was produced in 2009, whereas the year of production of the tractor assemblies was 2006, which means that this equipment was in the depreciation period. The forwarder and tractor assemblies were driven by experienced drivers in all sample plots.
The operating conditions differed in terms of terrain dissection, share of undergrowth, soil moisture, the presence of obstacles in the felling site (forest residues, stumps, etc.), as well as the degree of felling site arrangement, i.e. whether the collection of forest residue and stacking of cordwood had been previously performed.
In all sample plots (felling sites) logging was performed with a chainsaw, and assortments were produced using the assortment method.
The landing for wood assortments was either on a truck road or on a riverbank, and the transport was carried out through the felling site,via earthroad and a forest road with a macadam carriageway.
The recording of fuel consumption during the transportation of technical roundwood of soft broadleaves with the forwarder was conducted in eleven felling sites (I -XI) ( Table 2) .
In four felling sites, the recording of fuel consumption was carried out for a tractor assembly made up of a Same Laser 130 tractor and an Imako TP12 trailer with a Loglift 61F hydraulic crane during the transport of technical soft broadleaf roundwood. In three felling sites, fuel consumption was recorded for a tractor assembly made up of a Same Silver 105 tractor and an Imako TP12 trailer with a Loglift 61F hydraulic crane during the transport of technical roundwood of broadleaves (Table 3) . 
Number of tours
The recording of fuel consumption was conducted by the method of tank refueling. Tank refuelling was performed on every work day after work. Before starting work on the next day, the fuel in the tank was controlled. Fuelling up to a full tank after the completion of work, as well as the control of the level of fuel were carried out on flat ground to avoid measurement errors.
The control of proper work of the equipment was carried out regularly with an emphasis on the proper functioning of the counter of engine operation hours.
The number of realized transport cycles during which fuel consumption of the equipment was recorded is shown in Table 4 . 
The recorded data were analyzed and processed using standard mathematical and statistical methods (descriptive statistics, regression, correlation, analysis of variance). The dependence of fuel consumption (dependent variable) on the volume of load (independent variable) was performed using the mathematical-statistical method of regression analysis.
Fuel consumption was also determined both per unit of volume of transported wood assortments and per hour of tractor operation.
RESEARCH RESULTS
The data recorded individually by felling sites for the John Deere 1210 E forwarders that were the subject of study are shown in Table 5 . The data on the amount of assortments are given in a summarized form. The average fuel consumption is expressed per hour and unit of volume. Consumption can also be shown per norm day, considering that for all conditions (Table 5) work norms of the means of transportation were recorded in addition to the recording of fuel consumption. Results of the analysis of variance (F-19.9; p-0.000) indicate that between the average fuel consumption of the John Deere 1210E forwarder expressed in L/m3 in different operating conditions there are statistically significant differences at the 95% confidence level. Four groups of conditions can be distinguished on the basis of the results of an LSD test. Average fuel consumption in L / m3, is not statistically different among the operating conditions in felling sites IV, VI and VIII (first group), I, II, V, X and XI (second group), III and VII (third group), whereas the operating conditions in felling site IX stand out particularly.
Tables 6. and 7. show the data of measurement of fuel consumption and volume of assortments transported during recording in different operating conditions.
Average fuel consumption of a tractor assembly made up of a Same Laser 130 tractor and an Imako TP 12 trailer with a Loglift 61F hydraulic crane, expressed in L / m3, in conditions that were the subject of this research is statistically significantly different (F-47.4; p-0.000 ) observed at the 95% confidence level. There are no significant differences (F 1.52; p-0.00) between the average fuel consumption expressed in L/ h.
There are no statistically significant differences (F 0.56; p-0.599) observed at the 95% level of confidence among the levels of average fuel consumption in L/m3 in different operating conditions of the investigated tractor assembly made up of a Same Silver 105 tractor and an Imako TP12 trailer Fuel consumption expressed in L/m 3 decreases with an increasing volume of load in all felling sites taken as representative for this analysis (Figure 3) .
The average fuel consumption expressed in L/m 3 in different operating conditions at a constant mean transport distance decreases with an increasing volume of tour. Therefore, it is very important that an optimal load is formed during transport. Otherwise, the average fuel consumption may be increased. Analytical expressions of functions of the dependence of fuel consumption on the volume of load during the transport of soft broadleaf logs are shown in Table 8 .
On the basis of the determination coefficient, it was found that fuel consumption is affected by other factors in addition to the volume of load, especially in the case of assembley consisting of a Same Silver 105 tractor and an Imako TP 12 trailer with a Loglift 61F hydraulic crane.
The analysis of all data recorded for different operating conditions, revealed that the forwarder spent 13.4 L per hour of work on average. The tractor assembly made up of a Same Laser 130 tractor and an Imako TP 12 trailer with a Loglift forwarder and a tractor assembly made up of a Same Laser 130 tractor and an Imako TP12 trailer with a hydraulic crane Loglift 61F, expressed in L / m 3 in similar operating conditions (F-63.2; p-0.00). However, there are no statistically significant differences between the assemblies in similar operating conditions (F-0.85; p-0.393).
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DISCUSSION
The movement of vehicles is accompanied by constant changes of speed and resistance, and consequently changes in fuel consumption. The fuel consumption of forest machines is affected by many factors, including skidding distance and the average volume of load. The increase in skidding distance decreases productivity and increases fuel consumption.
The average fuel consumption per productive machine hour in the studied operating conditions of forwarders, ranged from 12.1 to 15.4 L/h, while according Nordfjell et al. (2003) , fuel consumption of forwarders varied between 8.3 to 15.7 L/PMH (productive machine hour) for different work elements. Fuel consumption in the transport of logs and long roundwood with the assembly Same Laser 130 tractor, Imako TP 12 trailer and Loglift 61F hydraulic crane was lower ranging from 7.3 to 8.9 L/h and the transport of logs and long timber with a tractor assembly Silver 105 tractor, Imako TP 12 trailer and Loglift 61F hydraulic crane ranged from 8.4 to 9.7 L/h.
Fuel consumption of an adapted farm tractor is lower than the consumption of a tractor assembly. This is supported by a research of Rebula (1989) , which argued that fuel consumption of adapted IMT tractors at empty travel ranged from 3.90 to 6.55 L / h and for loaded travel from 3.91 to 10.47 L/h. According to Nordfjell et al. (2003) , forwarders (weight 16-20 tonne) consumed on average 0,62 L/m 3 (sawlogs and pulpwood, 318 m average extraction distance) for final felling. In our research, fuel consumption during transportation of the technical roundwood of broadleaves ranged from 0.9 to 1.4 L/m 3 . The reason for the higher fuel consumption in our research is reflected in the much greater transport distances and unfavorable operating conditions.
Movement of the means of transportation in severe working conditions requires a slower speed, which usually means using a low gear for tractors or low speed for forwarders. This affects the degree of utilization of the engine power and therefore fuel consumption. For this reason, the impact of work organization on the rational use of fuel is multifold. Fuel consumption can be influenced as early as in the phase of selecting the type of vehicle and its load capacity. Continuous control of fuel consumption can affect the rational use of fuel, and thus the reduction in the costs of production.
CONCLUSIONS
On the basis of the conducted research, analyses of the data recorded, data processing and statistical methods, the following conclusions can be drawn:
• On the basis of the results of the analysis of variance it was found that between the levels of fuel consumption in the transport of technical roundwood of broadleaves with a John Deere 1210E forwarder in different operating conditions expressed in L/ m 3 , there were statistically significant differences at the level of 95% confidence, and that the investigated conditions can be grouped into four groups with average consumption ranging from 0.74 to 1.4 L/ m 3 ; • Conditions in which the tractor assembly made up of a Same Laser 130 tractor and an Imako TP 12 trailer with a Loglift 61F hydraulic crane was investigated were not statistically different, and the average con-sumption for different operating conditions ranged from 1.0 to 1.8 L/m 3 ; • There were no statistically significant differences among the average levels of fuel consumption expressed in L/m 3 in different conditions when a tractor assembly made up of a Same Silver 105 tractor and an Imako TP 12 trailer with a Loglift 61F hydraulic crane was investigated, so that common work norms can be adopted by grouping all the data. Average fuel consumption was 1.06 L/m 3 ; • Average fuel consumption per unit of production decreases with an increase in the average volume of tour in all conditions and for all the investigated equipment; • In similar operating conditions, average fuel consumption significantly differs between the forwarder and tractor assemblies, while there were no statistically significant differences among the investigated tractor assemblies.
